dogs ( r3, 14) were given tritiated water and urea followed bY creatinine 2 hours later. All blood samples, which were collected in heparin tubes, were centrifuged and the plasma was anal yzed for tritium, urea, creatinine and for water in the first six studies. The specific gravity of the plasma was determined by the falling drop method of Barbour and Hamilton (7), using a xylene-brombenzene medium and potassium sulfate standards of known density. From the specific gravity, the plasma water and protein were derived from the tables compiled by Sunderman (8). Because plasma water was found to be quite constantly about 95 %, this value was assumed for later studies. All data were expressed as concentrations in plasma water. Tritium assay was done as follows: About I ml of plasma was vacuum distilled from the frozen state by a method described for deuterium oxide analysis (9). To a 2o-ml optically clear glass counting vial (Wheaton Glass Co.) 0.5 ml of the distillate, 7.5 ml of absolute alcohol, 6.0 ml of 0.4 % 2,5 diphenyloxazole (PPO), in toluene and 6.0 ml of 0.01 % I ,4-di(2-(5 phenyloxazolyl) benzene (POPOP) in toluene were added, and the contents were mixed by gentle agitation after capping the vial. These samples together with appropriate standards made in triplicate from each infusion solution, were counted at -I 5OC in a Tri-carb liquid scintillation counter after at least I hour of dark and temperature adaptation in the freezing compartment. Counting efficiency was about 5 %. Samples were counted a sufficient time to assure a standard deviation of less than 2 % of the mean. The observed counting data were calculated to counts per minute per milliliter plasma water. Urea was determined by the dioxime reaction using the Technicon autoanalyzer with appropriate standards made in triplicate from each infusion solution.
Creatinine was also determined with the autoanalyzer using the alkaline picrate reaction by a method developed at this institution (IO), and triplica.te standards from each of the infusion solutions were analyzed similarly and were interposed frequently with the unknown plasma samples.
Both the urea and creatinine autoanalyzer methods had standard deviations of reproducibility of a series of standards of less than I % of the mean. It was determined that mutual interference of urea and creatinine did not occur. 
RESULTS
From figure I, figure 2 and table I it is apparent that for dogs I, 2, 3 and 4 the rates of dilution of tritiated water and urea were not measurably different and that both approximated their final equilibrium concentrations about 90 minutes after the mid-times of the intravenous infusions. Figure 3 shows that in these same animals creatinine distributed itself more slowly, but the final volumes of dilution were essentially the same as those of tritium and urea ( When two dogs (9, lo) were given tritiated water and creatinine, the 16-hour volumes of dilution were nearly the same as that for urea which was given at that time. Considerable extrapolation for correction due to endogenous creatinine production was necessary for this calculation, however. These values suggest that the volume of dilution of creatinine at 16 hours is not measurably greater than that at 4 hours. In another group (dogs II, rz) the almost identical volumes of distribution, at 4 hours, of infused tritiated water and creatinine were not changed significantly by infusion of urea at the end of this time and the volumes of distribution of urea corresponded favorably with the volumes of the other two, suggesting that urea infusion did not enhance mixing of creatinine with body water. In the final study (dogs r3, 14), tritiated water and urea were infused. After equilibrium, samples were obtained at 2 hours; creatinine was given intravenously; and its volume of dilution was obtained at 5 hours. Again, the volumes of dilution of the three substances were nearly the same. In all of these studies, the concentrations of all of the first substances infused diminished during the subsequent infusion but returned to -within I % of their values before the second infusion, when corrected for the small additional load of water added to body water by the second infusion. were within the limits of error of the measurement techniques employed. The average values for total body water in these 14 nephrectomized dogs are shown in tab1 e 1 and approximate those reported for normal 1 mman bei Jvis ( 1% 13).
DISCUSSION
The findings of this study confirm that creatinine is distributed in total body water (6) and using the more direct evidence of tritium oxide dilution, agree with Painter's observation that urea is similarly distributed ( I ). In normal dogs, it has been reported that nearly all administered creatinine appears in the urine within 24 hours (2) suggesting that this is a true metabolic endproduct, and no available evidence indicates body creatinine sequestration. If endogenous creatinine is distributed in body water it should not be necessary to apply a base line correction to each sample concentration.
Total body water is then equal to the sum of exogenous and endogenous creatinine divided by the equilibrium plasma water creatinine concentration without correction for the preinfusion value.
The data presented in this study confirm observations by Edwards (6) indicating that creatinine is distributed in body water. Their observed ratio of creatinine space to antipyrine spa.ce of 0.99 =t 0.06 is comparable to the ratio of creatinine volume to tritiated water volume of 0.99 & o.of3 observed in this study, although our disappearance curves suggest equilibrium somewhat earlier, at 4 hours, in nephrectomized dogs compared to the 6-hour value found by Ed-wards in ureter-ligated rabbits and anuric patients.
The findings in this study and those of Edwards (6) are in conflict with previous reports, none of which have included measurement of total body water by any standard method. Dominguez et al. (3) recalculated creatinine distribution data from their previous paper (2) Because each of these small areas of almost infinite number are exposed to differing blood flow rates, it follows that the changing concentration of a substance in the blood will reach these many units at different times and therefore at different concentrations since areas having more rapid exchange rates will decrease the plasma concentration proportionately more. It may be reasoned further that under these circumstances, the intracellular concentration of an infused substance may be higher in one area than the plasma or extracellular concentration in another. Indeed it has been shown in an earlier study (I 2) that in a normal huma.n subject, IO minutes following an intravenous infusion of deuterium oxide, the gastric juice concentration of the heavy water was greater than the concentration in venous blood, indicating, in this example, a more rapid rate of secretion of heavy water into the stomach than its over-all equilibrium rate of dilution in body water. It seems reasonable to assume that the plasma disap-BODY WATER DISTRIBUTION OF CREATININE AND UREA 665 pearance curve of creatinine, urea, isotopic water or any other substance must be a composite, representing at any given moment in its decreasing concentration the average result of an almost infinite number of exchanges, transfers, and mixings, rather than just those among a small finite number of compartments.
Rapid excretion of creatinine by the kidneys precludes its usefulness at present for the measurement of total body water *when renal excretory function exists. Additional studies of tritiated *water and creatinine infusions in four normal dogs with serial measurement of blood and urine have shown smooth double exponential disappearance curves for creatinine as previously reported (2, 4, 5) . Attempts to analyze the creatinine disappearance curves
